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INTRODUCTION 
Nurserymen, especially those who do a greater portion of their 
business through mail orders, are confronted with several problems which 
have serious implications. Because of increased parcel post, express, a:r:d 
other carrier charges, :it has been necessary for these nurserymen to fi:r:d 
some material that would replace, or at least supplement, the heavy 
moistened shingletov, peat, or sphagnum moss presently being used in the 
packaging of nursery stock for shipment to retail markets. It has been 
estimated that as IIDlch as fifty percent 0£ the over-all shipping costs on 
certain types of nursery stock can be attributed to the moistened packing 
material . As the size of the plant material to be shipped increases, the 
amount of packing material. required to maintain a quality product during 
the transit period is also increased which, in turn, results in an increase 
in carrier charges . 
The inclusion of moistened packing material with nursery stock serves 
a dual purpose. or greatest importance is its use 1n the package to 
retard the loss of moisture from the plant . The cushioning effect of the 
packing material , which prevents undue bruising in transit, is of second-
ary importance. 
The major problem arises in locating or developing and properly 
applying a moisture retardant film, either as a solution or as an over-
all 'Wrap, that would replace the heavier packing fillers and still main-
tain the plants in a satisfactory condition during the shipping period . 
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Research investigation to the present time have been centered arourrl 
the use of different types of anti-desiccants in prolonging the shelf 
life of fruits and vegetables, as wel l as lengthening the storage life of 
cut f'lowrs • 
This experiment -was undertaken to determine the effects of certain 
moisture retarding materials, principally those in the form of wraps and 
bags, as to their ability to prevent desiccation and deterioration of 
plants under actual shipping conditions. 
Varietal response, with respect to the t ype of treatment used, ship· 
ping dates, field survival after shipment, and the costs involved, was 
the prospective information to be gained from these studies. 
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REVIEW OF LITERATURE 
The practice of applying materials either as packing or as an anti-
desicoant to nursery stock to prevent rapid drying out should not be 
considered relatively new. The Greek writer Theopbrastus (300 B.C.) 
relates in his treatise, ttEnquiry into Plants", that men tried to aid the 
tree during transplanting by covering it with mud and then typing bark or 
reeds about it " • •• so that [ be tre!J may not take cold nor become 
dried up . n 
It was not until 19.30 to 19.31 that any work was initiated to develop 
an anti-desiccant material which would be safe to apply to living plant 
material. Prior to this time some grovers and nurserymen -were in the 
practice of coating scion wood and small nursery stock with varicus com-
binations or waxes , gums, and resins before placing them in storage or 
transplanting to the field. Miller and co-workers (1950) instigated a 
program of intensive study concerned with the development, preparation, 
and application of wax emulsions and the subsequent utility of such 
emulsions on various plants and plant materials . These investigations, 
over a period of eighteen years, have given a sound foundation to the 
use of wax emulsions in the horticultural field. 
Chadwick (1935), after extensive work with the application of wax 
emulsions to ornamental plant materials, stated that transpiration can be 
reduced by the application of wax emulsions. However, such applications 
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will not surmount poor methods of production and transplant~ of plants. 
He also concluded that plants normally difficult to transplant may be 
aided in recovery by coating their tops with paraffin wax. Treatments do 
not seem to aid easily moved plants, potted, to be carried under green-
house conditions, or small lining-out stock when sufficient moisture is 
present in the soil. 
While the wax ElllUlsions have received much attention in recent years 
other materials have cane into prominence. One of these, a vinyl resin, 
manufactured by B. F. Goodrich Chemical Company (1948), has shown con-
siderable merit. This Geon 31X latex, a colloidal dispersion of modified 
vinyl resin in water, contains 55 percent total solids. One disadvantage 
in the use of this material is that at low temperatures the particles 
tend to coagulate. Otherwise, the mechanical stability of the system is 
good. 
Hamner et al. (1948), as a result of extensive trials, state that 
Geon 31X, a non-toxic moisture proof plastic, will greatly improve the 
keeping quality of certain t:ypes of cut foliage. Evergreen cuttings 
sprayed with a 10 percent Geon solution lost much less moisture than did 
similar unsprayed treatments. Sherwood and Hamner (1948) working with 
Gardenias, Oregon and Asparagus ferns, found the storage life of these 
plant materials could be lengthened considerably even at temperatures of 
85° F. when they were treated with solutions of Geon 31X. 
Gartner and associates (1949), working with Picea alba and other 
evergreens as well as two year old apple trees, found that the cessation 
of growth which usually takes place in all plants as a result of trans-
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planting is often prolonged as a result of treat.ing with this plastic 
resin, but the plant usual ly regains any loss due to delayed growth 
renewal by more vigorous production of new shoots when growth finally 
begins again. 
The vinyl resins and particularly the wax emulsions have found con-
siderable use in the treatment of fruits and vegetables. However, the 
application of these materials to plants that are to be transplanted, as 
well as to cut foliage and flowers to increase their storage life, was· 
of most importance in this study. 
The packaging sequence in the preparation of plant materials for 
shipment by the mail order nurseries does not lend itself f avorably to 
the application, either as a dip or spray, of most anti-desiccant materi-
als. other anti-desiccants applied in the form of plastic and cellophane 
wraps or bags, asphalt impregnated papers, waxed papers, etc., coulii be 
incorporated more easily in the pre-shipment wrapping procedures, and 
consequently are more favorably received by the mail order nurserie&. As 
vith the vinyl resins am wax emulsions, the majority of the work to date 
with these moisture retardant materials bas been done with cut foliage, 
cut flowers, scion wood, and fruits and vegetables. 
Poponoe (1949), in a test made in Honduras, used .004 gauge Goodyear 
Vinyl Plastic film and found the film to be a satisfactory lightwei ght 
wrapper for avacado budwood to be shipped abroad. He considered it 
unnecessary to include S!lY' moist sphagnum moss in the packages. 
Hawes and Link (1951), studying the physiological responses of pre-
packaged cut flowers, found wide variations between the different plant 
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materials and the transparent films in which they were enclosed. These 
data are in accord with work done by Scott and Tewfik (1947), 'Who 
investigated with f'ilm wrapped packages of f'ruits and vegetables. They 
report wide differences in the response of fruits and vegetables to the 
type or films utilized in the packaging of these products and employ this 
to illustrate again the fallacy in attempting to generalize as to the 
physiological nature of horticultural materials. They emphasize the fact 
that any success attained in the use of transparent film -wraps will neces-
sitate careful experimental tests with eaoh type and quite possibly each 
variety of' fruit and vegetable. 
Polyethylene, as reported by Wyman (1951) of the A.mold Arboretum, 
was first developed by the Imperial Chemical Ind. Ltd., of England and 
was known at that time as "polythene"s a high polymer of ethylene. E. I. 
Du Pont de Nemours and Company was the first company licensed to manu-
facture this plastic resin in the United States . Du Pont first called its 
product "polyethyleneu, but then changed to the trade name "Alathon" • 'l'he 
Bakelite corporation was also licensed to manufacture this plastic and 
their trade product was known eommereially as "Polyeteylene". Other trade 
names given by manufacturers to this product include: Howard-Seal, 
Pearlon, T:ralon, Visqueen, and Dura-Clear. 
Wyman (1951) also reported that Mr. Richard Fillmore, Propagator at 
the Arnold Arboretum, ~apped dormant scions of roses in polyethylene with 
very little sphagnum moss and then shipped them. to England by ordinary 
mail. After five weeks in transit they al"l'ived in perfect condition. 
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Scions of roses were also wrapped in polyethylene without packing material 
and stored in a refrigerator for about twelve months with no apparent 
detrimental effects. These same scions were later grafted and were 
reported to have resulted in an excellent stand. 
In a collateral experiment Azalea plants three feet in height were 
dug in the spring, as would be the eOID.llereial nursery practice, and their 
roots were washed f'ree of soil. The entire plant(s) was then wrapped 
securely in polyethylene. Similar lots or plants were stored out-of-doors 
and at room temperatures for a period of one month. Following exposure, 
the two lots were planted in the field, and observations taken at a later 
date revealed that no loss vas sustained from either treatment. 
Probably the most extensive testing program to date in the use of 
plastic films as wrappers for nursery stock in trans- and inter-continental 
shipnents was reported by Whitehouse (1952), whose work was done under the 
auspices of the United States Department of Agriculture. He observed that 
apple and pear scions wrapped in polyethylene (Alathon) and dispatched to 
Japan by air mail were received in good condition. Although the journey 
took fourteen days, these scions "Were all propagated successfully. A 
similar shipment or twelve varieties, which was enroute 21 days f'rom Japan 
to Washington D. c., was received in fair condition. Of the twelve varie-
. ties in the original shipment, six were gra.f'ted successfully. Comparative 
lots that were wrapped in damp sphagnum moss alil. wax paper were lost in 
transit, but it was believed that the scions would have been received in a 
desiccated condition. 
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Grape cuttings wrapped in polyethylene film carried excellently :1.n 
a 10 day transit period f'rom the United States to Europe. A similar 
shipment of grape cuttings wrapped in polyethylene took 14 days to go via 
air mail to Argentina and they were received in excellent condition. A 
duplicate s·hipment in transit by regular mail for a :i:eriod of 90 days 
resulted in a 50 percent stand of cuttings. A shipment of polyetbylene 
wrapped grape cuttings mailed to Australia, although requiring 85 days 
tor the journey, aITived in good condition. 
The scions of drupaceous fruits, with the exception of plum, were 
reported to be more difficult to handle in shipment than the pomaceous 
types. The drupe varieties, when packaged in moistened sphagnum moss and 
wax paper, frequently break bud du.ring shipment. The added moisture in 
the packages , together with increased temperatures generally encountered 
during shipment, resulted in the stimulation of the dormant buds. This 
creates a problem in that the rootstocks to be grafted may not be in the 
proper phase of growth for budding when the scions are received. Con-
sequently, the active scions have to be stored in wet sphagnum moss at 
temperatures near 33° F. until the rootstocks can be worked. Scions with 
buds that are swelling are stored with poor success, and even if the 
swollen buds could be set immediately, the take under field conditions 
would not be substantial. 
Promising results were obtained with cherry and peach scions wrapped 
in .002 and .004 gauge polyeteylene 'When a moistened filler was omitted. 
Cherry scions from Denmark were in gotrl condition when received wrapped 
in only .004 gauge polyethylene. A similar lot shipped from Germany by 
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ordinary mail was received in good condition. Cherry scions from Holland 
arrived in poor shape due to the fact that these scions apparently had 
been collected too late and had s prouted en route. 
Tests conducted with apple trees indicated that it may be practical 
and more economical in the shipment of small fruit trees to wrap their 
roots in polyethylene alone, providing the humidity of the atmosphere 
around the roots can be kept high enough to prevent their drying out. It 
was suggested by Whitehouse that this might be accomplished with small 
packets of moistened moss or sponges. 
Tests with strawberries indicated that this plant material was very 
critical in its requirements during the shipping period in that too little 
or too much moisture proved equa1ly disastrous. Where the :tn.tmidity within 
the package "Was not extreme either way, excellent results wer e obta ined 
with polyethylene. It was reported that the condition within most of the 
packages of strawberries was conducive to the development of harmful 
bacteria and/ or fungi which were present on the plants before they were 
wrapped. According to Whitehouse, this alone may have been the most 
important factor contributing to the death of the plants while. in shipment. 
-
Lyle (1952), working with DHA-S, found this fungicide ve17 effective 
in controlling mold growth on rose plants, as well as in the vaults where 
these plants were stored. The strongest solution tested (1:100) produced 
no noticeable damage to plant tissues. He reports that the molds are slow 
to devitalize the plants, but the altered appearance of the plants due to 
the mold activity quickly affects their salability. The prospective 
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customer upon seeing evidences of mold activity instantly questions the 
vitality and value of the product. 
Guengerich (1953), of Stark Brother's Nurseries, used DHA-S as a 
plant dip at the rate of one pound in twenty-four gallons of water with 
one-fourth pound of "Vel" as a spreader in an effort to combat mold. 
The mold that was present on the rose plants before treatment was killed 
and no further mold growth appeared during a storage p:3riod of about 
sixty days. 
Felber and Gardner (1944), using aqueous dispersions of metcyl-
eellulose, reported that this material notably restricted t he loss of 
water from soils and plants . Even so, the applieat ion of the aqueous 
dispersions of methylcellulose under field condit ions did not seem 
feasible. Felber (1944), in working with the anhydrous form of methyl-
cellulose (Methocel), which is fibrous and cotton-like in appearance, 
found the effects of the dry material, when mixed with soil and supplied 
with water, to be comparable to the results obtained with the aqueous 
type. She reported that the anhydrous product can be successfully sub-
stituted for its dispersions, thus providing a simplified and more 
practical method or application. She also noted that the wet films of 
· the dispersions upon drying produced transparent films of high tensile 




The plant materials used were acquired :f"rom five cooperating 
nurseries located in Shenandoah and Hamburg, Iowa. These same nurseries 
also provided items such ass shingletow, sphagnum moss, small poly-
ethylene bags, triangular cardboard boxes, sheets of cellophane and 
polyethylene fused to creped 60 pound Kraft paper, and mmerous other 
items so essential to this packaging experiment (Fig. 1). 
The polyethylene sheeting used as such, or transformed into larger 
bags not obtainable commercially, was supplied by E. I. Du Pont de Nemours 
and Company (Inc.) of 'Wilmington, Delaware .. 
Methocel and DHA-S were furnished by the Dow Chemical Company of 
Midland, Michigan (1952). DHA-S (CgR,Nao4• ~O) was used in these tests 
to retard or prevent the development of storage molds that may have 
appeared within the packages during shipment. 
The plant types incorporated into these trials consisted of cushion 
chrysanthemums (Q. morifolium, Ramat.), Grenadine carnations 
(th Caryoph.yllus; L.), Bellamosa delphiniums (Delphinium Bellamosa, Hort.), 
as classified by Bailey (1949); strawberries (E. ananassa, Duch.), first 
described by Duchesne (1766) and ref'erred to later by Scott (1951); and 
the following hybrid tea rose varieties: Mrs . R. s . Du Pont, Lafeyette 
Imperial, Etoile de Holland and Talisman. 
F"USED 
STAPLED 
Fig. 1. Wrapping materials used to package the plant varieties tested. Only the smaller 
two plant size triangular cardboard boxes "Were incorporated in this study. 
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Wrapping Technique 
The processes of treating and wapping all plant materials utilized 
in these trials were performed in one of the common storage vaults located 
a.t the Iowa State College Horticultural Farm. As the plants were wrapped 
and tied, a final package "Weight was recorded; the packages 'Were labeled; 
postage was added; and the packages shipped to East Lansing, Michigan, a 
distance of approximately 600 miles. A complete treatment for each plant 
type was mailed by parcel post on three separate dates. The dates April 1, 
May 5, and June 5, 1953, were selected to correspond to the early, normal, 
and late shipping operations of commercial nurseries. 
The packages upon arrival at East Lansing were replaced in the mails 
as soon as possible and returned to the Horticulture Department at Iowa 
State College. 
The shipment number, date of shipment, date of retum, and the plant-
ing date for each shipment are as follows: Shipment I was mailed April 1, 
1953, was returned April 10, . and was planted April 13; Shipment II was 
mailed May 5, 195.3, was returned May 11, and was field planted four days 
later; Shipment III was mailed June 5, 1953, was returned June 11, and was 
planted in the field June 15. 
Carnations apd delphiniums 
Treatments utilized :in the packaging of carnations and delphiniums 
are summarized in Table 1. Treatments S (F-PB-C) and 9 (PB-C) were 
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Table 1. Treatments applied to carnations and delphiniums • 
Treatment Type of Plants per Repli- Total 
number Code treatment treatment cations :Elants _ 
s Shingletow-sphagnum moss 5 5 25 
l L Impreg. paper irmer liner 
check K 60# Kraft paper ove:r-all 10* 5 50 
0 Tops open 
2 F Fungicide dip (DHA-S) 5 5 25 
over entire plant 
RB Polyethylene root bag 
K 60# Kraft paper over-all 10* 5 50 
0 Tops open 
F Fungicide dip (DHA-S) 5 5 25 
over entire plant 
PB Plants in polyethylene bag. 
Bag not sealai 
K 60# Kraft paper over-all 10* 5 50 
0 Tops open 
4 F Fungicide dip (DHA-S) 5 5 25 
over E11tire plant 
PB Plants in polyethylene bag. 
Bag was sealed 10* 5 50 
5 No i\mgicide dip 5 5 25 
RB Polyethylene root bag 
K 60# Kraft paper over-all 10* 5 50 
0 Tops open 
6 No f'ungicide dip 5 5 25 
PB Plants in polyethylene bag. 
Bag not sealed 
K 60/I Kraft paper over-all 10* 5 50 
0 Tops open 
7 No fungicide dip 5 5 25 
PB Plants in polyethylene bag. 
Bag was sealed 
K-C 60# Kraft paper ovel'-all 10* 5 50 
8 F Fungicide dip (DHA-S) 5 5 2 5 
over entire plant 
PB Plants in polyethylene bag 
c only. Bag was sealai 
9 No fungicide a1r 5 5 25 
PB Plants in polye hylene bag 
c only. Bag was sealed 
*Delphinium plants 
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incorporated only as supplementary modifications for wrapping carnat:ions. 
Five carnation plants and ten delphinium plants constituted a single 
treatment. Each treatment was replicated five times which made a total or 
twenty-five carnation plants in five bundles of five plants per bundle, 
and a total of fifty delphinium plants in five bundles of ten plants per 
bindle. 
The check treatment (S-L-K-0) was made up of the materials currently 
used in the shipment or these two types of plant materials (Fig. 2). The 
moistened shingletow and sphagnum moss was placed arcund the roots and 
crowns of the plants. This packet was then wrapped with a 12 by 12 inch 
sheet of impregnated paper. A 12 by 12 inch outer sheet of f.:CJ pound Kratt 
paper was then wrapped over this in such a manner as to allow the tops of 
the bundles to be open thereby permitting adequate ventilation. 
In treatments 2 (F-RB-K-0), 3 (F-PB-K•O), 4 (F-PB-K-C), and 8 (F-PB-C) 
the plants were dipped in a 1:300 solution of DHA-S fungicide. After dip-
ping, the plants were placed on a tray of one-half inch mesh screening and 
the excess DH.A-S solution was allowed to drain off. The plants were still 
moist when packaged. 
Polyethylene bags (4 by 2 by 11 inches) were used as root bags and as 
over-all plant bags. The root bags vere tied at the crovns of the plants 
and covered only the roots. The plant bags enveloped the plants , and were 
sealed or not sealed depending on the type of treatment. 
With the exception of treatments 8 and 9, all treatnents were wrappoo 
with 12 by 12 inch sheets of 60 pound Kraft paper. In treatments 8 
(F-PB-C) and 9 (PB-C) the carnation plants were sealed in polyethylene 
bags and shipped with no outer wrap of Kratt paper. 
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Fig . 2 Packaging treatments applied to carnations end 
delphiniums . Similar wrap modification were 
utilized in the treatment of strawberries . 
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Chrysanthemums 
Shipments I and II. All of the chrysanthemum plants used in this 
experiment were grow in a mixture of sphagnum moss and styrofoam. This 
mixture has been adopted by some nurseries in preference to soil in an 
effort to reduce package weight. Styrofoam, a lightweight plastic material, 
is shredded with the sphagnum moss in order to give the moss more bulk. 
The plants grown j.n this material were nutrient fed throughout their growth 
period prior to shipment.-
The check treatment {WL-E-K-0) Table 2, represents the general practice 
employed by most commercial nurseries. 
The styro.f'oam-moss mixture, in which the plants were grow.n, formed a 
very compact root ball that was easily removed from the clay pot. This 
characteristic of holding together and not crumbling facilitated greatly 
the application of the polyethylene bags. Size .3-l by 5 inch polyethylene 
bags were used to enclose the root ball only and were secured around the 
plant at the crown by means of a wire twistem. The heads of the plants 
were not enclosed in polyeteylene when this size bag was employed. However, 
with the 4 by 2 by 11 inch bags, the plants were enclosed, but not sealed, 
in polyethylene. In treatments 1, 2, and 3, 60 pound Kra..tt paper sheets 
(12 by 12 inches) were used as outer wraps (Fig. 3). 
Polyethylene sheeting stapled to 12 by 12 inch pieces of 60 pound 
Kraft paper was used as the over-all wrap in treatment 4 {FS-K-E-0). 
A creped 60 pound Kraft paper with a .001 inch polyethylene coating 
fused to one side vas used in sheets of 12 by 12 inches as the over-all 
-wrap :tn treatment 5 (PK-E-0) (Fig. 4). When polyeteylene was either 
18 
Table 2. Treatments applied to chrysanthemums. 
Shipments I and II 
Treatment Type of Plants per Repli- Total 
number Code treatment treatment cations plants 
l WL Waxed paper inner liner. 2 5 10 
check E Excelsior. 60# Kraft 
K-0 paper over-all. Tops open 
2 RB Polyethylene bag over root 2 5 10 
E ball only. Excelsior. 
K 60# Kraft paper over-all. 
0 Tops open 
3 PB Plants in polyethylene bag. 2 5 10 
E Not sealed. Excelsior. 
K f:i:>ll Kraft paper over-all. 
0 Tops open 
4 PS Polyethylene sheets stapled 2 5 10 
K to f:i:>ll Kraft paper ••• used 
E-0 as over-all. Excelsior. 
Tops open 
5 PK Polyethylene fused to f:IJ#. 2 5 10 
E Kraft pap:-ir ••• used over-all. 
Excelsior. 
0 Tops open 
6 WL Waxed paper inner liner. 2 5 10 
E Excelsior. Two-plant 
T triangular cardboard box. 
7 RB Polyethylene bag over root . 2 5 10 
T ball only. Two-plant 
triangular cardboard box. 
8 PB Plants in polyethylene bag. 2 5 10 
0 Not sealed. Two-plant 
T triangular cardboard box. 
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Fig. 3 Chrysanthemum treatments check {WL-E-K-0), 
2 (RB-E-K-0), and 3 (PB-E-K-0). 
Fig. 4 Chrysanthemum treatments 4 {PS-K-E-0) and 5 
(PK-E-0). Note deterioration of foliage ind:icative 
of unsatisfactory wrapping methods. 
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stapled or fused to Kraft paper, the plants were placed in contact with the 
polyethylene. Nevertheless, one end of the package was not sealed and the 
plants were oriented in such a way that the plant-tops were towards the 
open end. 
In treatments 6 through 8, 3t by 3f by 3f by ll~ inch corrugated tri-
angular cardboard boxes were substituted for the 60 pcund Kraft paper outer 
wrap (Fig. 5). 
Each treatment of two plants was replicated five times making a total 
of ten plants per treatment. 
Shiment Ill. As a result of observations made on plant survival in 
the first two shipments, the least promising treatments were replaced by 
those treatments listed :in Table .3. These new treatments consisted prim-
arily of 10 by 15 inch sheets of Du Pont .300 MSAT Cellophane used as an 
inner wrap in conjunction with 10 by 15 inch cardboard plaques and .3i by 3! 
by .3t by nt inch cardboard triangular boxes. 
In the check treatment, the plants were seal-wrapped in cellophane am 
rolled in the cardboard plaques so that the packages , when tied with the 
waxed twine, resembled short pieces of tubing. 
The treatments in Shipment III, . wllich incorporatai the use of poly-
ethylene bags over the entire plants, with and without a crown tie, were 
substituted .for those treatments in Shipments I and II where polyethylene 
stapled and fused to Kraft paper was used. The polyethylene root bag treat-
ments were similar in all three shipments except for the sutstitution of a 
cardboard outer -wrap in Shipment III for the 60 pound Kraft paper used in 
the two previous shipments. 
Fig .. 5 From left to right, treatments 6 (WL-E-T), 7 (RB-T), and S (PB-0- T) used in 
wrapping chrysanthemums . Note the excellent condition of the plants in the 
center treatment . Triangular box in the fcregrourrl is ready for shipzoont . 
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Table J. Treatments applied to chrysanthemums. 
Shipment Ill 
Treatment Type of Plants per Repli- Total 
number Code treatment treatment eat ions plants 
1 c Plants in cel lophane 2 5 10 
check s Cel lophane sealed 
CP 10"x1511 cardboard plaque 
2 c Plants in cellophane 2 5 10 
0 Cellophane not sealed 
CP lO''xl5" cardboard plaque 
Tops open 
3 RB Polyeteylene bag over root 2 5 10 
0 ball only. Tops open 
CP 10"xl511 cardboard plaque 
4 PB Plants in polyethylene bag. 2 5 10 
CT Crow. tie 
0 Tops open 
CP 10"xl5" cardboard plaque 
5 PB Plants in polyethylene bag. 2 5 10 
0 No crown tie. Tops open 
CP lO"xl5" cardboard plaque 
6 c Plants in cellophane 2 5 10 
s Cel lophane sealed 
T Two-plant triangular card-
board box 
7 RB Polyethylene bag over root 2 5 10 
ball only. Two-plant 
T triangular cardboard box 
8 PB Plants in polyethylene bag. 2 5 10 
CT Crown tie. Tops open 
0 Two-plant triangular card-
T board box 
9 PB Plants in polyethylene bag. 2 5 10 
0 No crown tie. Tops open 
T Two-plant triangular card-
board box 
2.3 
The plants shipped in the boxes and cardboard plaques were so packed 
that the tops of the plants were alWE\YS towards the center of the package 
while the root balls were at opposite ends. 
Strawberries 
The cheek treatment (S-L-K-0) (Table 4) simulates the materials cur-
rently being used in packaging strawberries for retail shipments (Fig. 6). 
Preliminary trials indicated that the addition of moisture to packets of 
strawberries greatly increased the incidence of mold. Therefore, the 
addition of fillers and other moisture additives was omitted from all 
treatments with the exception of the check. 
The over-all wrap applied to treatmmts 1 (S-L-K-0), 2 (RB-K-0), 
3 (PB-K-0), and 4 (PB-K-C), was 60 pound Kraft paper in J2 by 12 inch 
sheets. Polyethylene stapled or fused to Kraft paper was used in sheets 
of 12 by 12 inches as an outer wrap in treatments 5 (PS-K-0) and 6 
(PF-K-0). 
There were 25 plants per bundle and 5 bundle replicates per treat-
ment, which made a total of 125 strawberry plants per treatment. 
In the rose shipments (Table 5) the check treatment (S-L-K-0) 
represents the general method now employed in the shipment of this and 
other types of deciduous nursery stock. No filler, such as moistened 
shingletow, peat, or sphagnum moss was used in any of the treatments with 
t he exception of the check. However, in treatment 2 (M-RB-CT-K), Methocel 
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S Shingletow-sphagnum moss 
L Impreg. paper inner liner 
K 60# Kraft paper ovel'-all 
0 Tops open 
No tiller 
RB Polyethylene root bag 
K W# Kraft paper ovel'-all 
0 Tops open 
No filler 
PB Plants in polyethylene bag 
Bag not sealed 
K 60# Kraft paper over-all 
0 Tops open 
No filler 
PB Plants 1n polyethylene bag 
K Bag sealed 
C 60# Kraft pai:er over-all 
No filler 
PS Polyethylene sheets stapled 
K to 60/I Kraft paper ••• used 
0 as over-all. Tops open 
No filler 
PF Polyethylene fused to 60# 
K Kraft paper ••• used over-all 
O Tops open 
Plants per Repli- Total 
treatment cations plants 
25 5 125 
25 5 125 
25 5 125 
25 5 125 
25 5 125 
25 5 125 
Fig. 6 Conventional method of packaging strawberries for shipment to retail markets, 




Table 5. Treatments applied to roses. 
Treatment Type of Plants per Rep11- Total 
number Code treatment treatment cations plants 
1 s Shingletow-sphagnum moss .3 5 15 
check L Impreg. paper inner liner 
K-0 60# Kra:f't paper over-all 
2 No filler .3 5 15 
M Methocel /$ root dip 
RB Polyethylene root bag 
CT securely tied at the crown 
K 60/I Kraft paper over-all 
3 No filler .3 5 15 
p Small packet of moist moss 
inside larger polyethylene 
RB root bag. Root bag securely 
CT tied at crown. 
K 60# Kraft paper over-all 
4 No filler--plants only .3 5 15 
RB Polyethylene root bag 
CT securely tied at the crown 
K 60# Kraft paper over-all 
5 No filler--plant s only 3 5 15 
PF Polyethylene fused to 60# 
K Kraft paper ••• used as over-
CT all wrap. Securely tied at 
the crown 
6 No filler-plants only 3 5 15 
PB Plants in over-all poly-
ethylene bag. No outer 
wrap of Kraft paper 
c Polyethylene bag sealed 
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fiber of the 1500 cps viscosity grade was mixed with water and used in a 
4 percent solution as a root dip (Fig. 7). It was believed that this 
material, in fonning a coating on the rose roots as it dried, wruld aid 
measurabl y in reducing desiccation of the plant during shipment. Aft.er 
dipping, the plants were shaken vigorously as a means of removing the 
excess Methocel prior to placing the roots in a polyethylene bag. 
A small quantity of mois tened moss was roll ed in plastic and pl aced 
in t he l arger over-all root bag in treatment .3 (P-RB-CT-K). It was sur-
mised that this small packet of moistened moss would impart enough moisture 
to the atmosphere within the root bags to maintain the roots in a f avorable 
conditi on and prevent t hem from drying and s hriveling while in transit. 
No filler or moisture additive was used in treatments 4 (RB-CT-K), 
5 (PF-K-CT), and 6 (PB-C), and the treatments varied only in the type of 
wrap modif ications applied (Fig. 8). In treatment 4 a polyethylene root 
bag was used, and as in all of t he treatments excepting 5 and 6, a sheet 
of 60 pound Kraft paper (36 by 2.3 inches) was used as an ove:r-all wrap. 
Polyethylene fused to creped 60 pound Kraft paper (.36 by 2.3 inches) was 
used as t he ove:r-all wrap in treatment 5. The entire plant was placed 1n 
a polyethylene bag in treatment 6. This bag was then seal ed and shipped 
without an outer wrap of Kraft paper. 
Figure 9 11lustr8:tes the diversi t y of wrap materials used in the 
treatment of t his plant var i ety. 
The statistical portion of this section was based on data recorded 
for 15 plants per treatment. This total consisted of 3 plants per bundle 
wi th the bundl es being replicated 5 times. 
Fig. 7 Basic vrapping materials and roses packaged for shipment. 
Check (S-Ir-K- 0} 1 2 (M-RB-CT- K} 1 and 3 (P-RB-CT- K). 
Fig. 8 Basic wrappins materials and roses packa~ed for shipment. 
Treatments 4 {RB-CT- K), 6 (PB-C), and 5 {PF- K-CT). 
Fig. 9 These treatments demonstra_te the diversity of materials used in the 
packaging of roses. 
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Cultural Techniques 
As each of the shipments returned, they were quickly placed in common 
storage, where observations and a final package weight were recorded. The 
packages were weighed immediately before and after shipment in order to 
determine which of the treatments employed was the most efficient in reduc-
ing package moisture loss during the mailing period. A general classifi-
cation was made on the condition of the packages and the plants therein. 
The plants were then set in the field at the Horticulture Farm urrler an 
overhead irrigation system. This made it possible to control the amount 
of moisture appliEd to the plants, especially during prolonged periods of 
low rainfall. Near optimum growing conditions were maintained in order 
to give the plants every opportunity for survival under the various treat-
ments. The chrysanthemums, carnations, delphiniums, and strawberries were 
planted, by shipment, in three foot rows with an approximate spacing of 
eight inches between plants in the rows. The roses were planted. in three 
foot rows with a spacing of two feet between plants. The plantings were 
randomized within shipments and the experiment was designed statistically 
an a split plot arrangement as described in Snedecor (1950). 
The plots were hand weeded throughout the growing season. A fifty 
percent wettable DDT spray was applied to the strawberries and roses two 
weeks af'ter planting in the f'ield. 
Survival counts were ma.de at the second, fourth, and eighth week 
intervals following planting. The survival counts recorded during the 
eighth week constituted the records used in the final analysis. 
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EXPE.'Rll.rn:NTAL RESULTS 
During the eighth week, following the field planting of each ship-
ment, observations on survival were taken for each plant material tested. 
Moisture loss during transit was recorded for each package immediately on 
receipt of the shipment. The data obtainEd from these observations and 
the statistical analysis for each set of data are presented in Tables 6 
through 29. 
The treatment consisting of moistened shingletow and sphagnum moss, 
impregnated paper, and 60 pound Krai't paper over-all was the standard 
used in the comparison of treatments. Unless otherwise stated this treat-
ment hereafter will be referred to only as the check treatment. 
Date and Treatment Effects on Survival and Moisture Loss 
Carnations 
The mean survival rates for shipping dates exhibit very definite 
reductions from the first to third shipments (Tables 6 @d 7). The sig-
nificance level required indicates that, as with delphiniums, there was an 
impressive drop in plant survival with each succeeding shipping date. 
From a commercial stardpoint, this observation indicated that early spring 
shipnents of carnations are the only periods in which sales should be made. 
Table 6. Field survival counts for carnations .a 
Treatments 
Dates 1 2 3 4 5 6 7 8 9 Date means 
I 4.6 4.1 .. 4.6 1.4 5.0 4.8 4.0 5.0 5.0 4.31 
II 4.0 3.2 2.6 2 .2 o.6 4.0 3.8 1.4 .3 . 0 2 .76 
III 1.0 0.4 o.s o.o 1.2 o.6 0.4 o.o 2.2 o.7.3 
Treat ment means 3 .20 2.67 2.67 1 .20 2 .27 3.13 2.'73 2.13 3.40 . 
8Each reading shown in the table is the mean survival reading of five plants . 
Table 7. Analysis of variance for carnations (survival readings). 
\.» 
\>J 
Source of variation Degrees of freedom Sum of squares Mean square 
Replications 4 3.14 .. 7850 
Dates 2 289. 64 144.8200** 
Error (a) 8 2.06 .2575 
Treatments 8 54.00 6 .7500** 
Dates x treatments 16 73.16 4.5725** 
Error (b) 96 112.40 1.1708 
** Highly significant 
Level required for significance of: 
1. date means P .05 = .247; P .Ol = .359 
2 . treatment means P .05 = .79; P .Ol = 1.05 
3. two dates for one treatment P .05 = 1 • .30; P .Ol = 1. 72 
4. one date for two treatments P .05 = 1.36; P .01 = 1.82 
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Generally, the treatments, in their effects on plant survival, 
do not differ greatly t.rom the check treatment. Only treatments 
4 (F-PB-K-C), 5 (RB-K-0), and 8 (F-PB-C) expressed significantly 
lower rates of survival than the check. The date x treatment inter-
action was significant. 
Concerning the package moisture losses for carnations, date of 
shipment again becomes increasingly important. Except for the checks, 
the amount of moisture lost per package during the first shipment 
was much greater than for the remaining two shipping dates (Tables 8 
and 9). 
The variations between treatment means (Table 8) for package 
moisture loss were quite noticeable and, consequently, the significance 
levels show extreme differences between the check treatment and all 
others. As was to be expected, each of the special treatments proved 
more efficient in reducing moisture loss from packages during shipment 
than did the check treatment. With the package moisture loss readings 
there was found to be a significant date x treatment interaction. 
Table 8. Package moisture loss readings for carnations. a 
Treatments 
Dates 1 2 3 4 5 6 7 8 9 Date means 
I 93.6 55.6 10.s 4.s 47.0 29.0 3.2 3.4 1.5 27.66 
II 61.2 32.4 7.2 2.8 16.6 4.8 2.0 1.2 o.o 14.24 
III 109.8 36.0 7.8 2.6 31.2 5.6 1.4 2.0 0.2 21.84 
Treatment means ss.20 41.33 8.60 3.40 31.60 13.13 2.20 2.20 0.57 
8 Eaeh reading shown in the table is the mean package moisture loss reading of .five packages. 
Table 9. Analysis of variance for carnations (moisture loss readings). 
Source of variation Degrees of freedom Sum of squares 
Replications 4 517.14 
Dates 2 4077.22 
Error (a) 8 701.30 
Treatments 8 100342.77 
Dates x treatments 16 78S7.05 
Error (b) 96 11021.96 
** Highly significant 
Level required for significance of: 
l. date means P .05 = 4.56; P .01 = 6.63 
2. treatment means P .05 = 7.75; P .Ol = 10.29 
.3. two dates for one treatment P .05 = 13.43; P .01 = 18.17 










Differences in the mean survival for this plant material were 
highly significant for dates (Tables 10 and 11)., No significant 
differences were observed for treatments. The data suggests that 
regardless of the type of treatment utilized, reductions in plant 
survival can be expected with this plant material as the date of 
shipment is delayed. 
There were no great variations in package moisture loss from 
the first to third shipments. Treatment differences varied consider-
ably (Tables 12 and 13). All of the treatments incorporated into 
these trials with delphiniums were superior to the check in minimizing 
the moisture loss of the package. 
A very definite interaction exists between dates and treatments 
for package moisture loss. It is noted from Table 12 that the various 
treatments do not act the same for package moisture loss readings 
on any particular shipping date. This illustrates the difficulty 
involved in isolating one f actor as more important than another in 
dealing with these plant materials. 
Table 10. Field surviV'al counts for delphiniums. a 
Treatments 
Dates 1 2 .3 4 5 6 7 Date means 
I 8.6 8.S 7.8 2.0 5.S 6.8 7.0 6.69 
II o.o s.o 5.4 5.4 6.2 6.8 0.4 4.60 
III 3.6 0.4 1.2 1.2 1.6 2.0 4.0 2.00 
Treatment means 4.07 5.73 4.80 2.87 4.53 5.20 3.80 
4Each reading shown in the table is the mean survival reading of ten plants. 
Table 11. Analysis of variance for delphiniums (survival readings). 
Source of variation Degrees of freedom Sum of squares Mean square 
Replications 4 41.34 10 • .3350 
Dates 2 385.78 192.8900** 
Error (a) s 13.74 1.7175 
Treatments 6 Sl.18 13 ,.5.300 
Dates x treatments 12 427.96 35.6633 
Error (b) 72 2661.72 36.9683 
**Highly significant 
Level required for significance of date means P .05 = • 724; P .01 = 1.053 
Table 12. Package moisture loss readings for delphiniums. 
a 
Treatments 
Dates 1 2 3 4 5 6 7 Date means 
I 84.0 29.4 20.0 4.2 .35.4 7.6 1.6 26.03 
II 41.a 39.6 6.6 1.4 25.0 12.4 2.0 18.40 
III 97.6 19.6 12.0 2.4 26.0 10.S o.s 24.17 
Treatment means 74.47 29.53 12.87 2.67 28.80 10.27 1.47 
8 Each reading in the table is the mean package moisture loss reading for five packages. 
Table 13. Analysis of variance for delphiniums (moisture loss readings). 
Souree of variation Degrees of freedom Sum of squares Mean square 
Replications 4 894.41 223.6025 
Dates 2 1107.79 553.8950 
Error (a) 8 2476.21 309.5263 
Treatments 6 48004.53 8000.7550** 
Dates x treatments 12 19225.41 1&)2.1175** 
Error (b) 72 8823.78 122.5525 
**Highly significant 
Level required for significance of: 
1. treatment means P .05 = 8.04; P .Ol = 10.67 
2. two dates for one treatment; P .05 = 16.16; P .Ol = 22.05 
3. one date for two treatments P .05 = 1.4.65; P .01 = 19.98 
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Chrysanthemums 
The mean survival counts for all treatments in Shipments I and 
lI, and the subsequent analysis of variance (Tables 14 and 15), point 
out the fact that shipping dates were highly significant, in as much 
as shipping date one yielded a decidedly higher rate of survival 
than the second date. 
Those treatments employing polyethylene root bags and polyethylene 
bags over the entire plant' afforded considerably higher rates of 
survival than the check treatment. 
The date x treatment interaction (Table 15) was significant. 
There were no differences :in package moisture loss betvieen Ship-
ment I and Shipment II. However, there were differences betv.ieen 
treatments (Table 16 and 17). Fran this information the treatments 
appeared to have more effect on package moisture loss than did the 
date the packages were shipped. Those treatments significantly 
different from the check in package moisture loss were all treatments 
in "Which polyethylene was used. 
The date x treatment interaction for package moisture loss in 
Shipments I and II was significant (Table 17). 
Because of the obvious downward trend in plant survival between 
Shipments I and II, there was no reason to assume that the third 














survival counts f or chrysanthemums. a 
Shipments I and II 
Treatments 
4 5 6 7 8 Date means 
0.4 o.6 o.o 2.0 2.0 1.1.3 
o.o 0.2 o.o 1.6 o.o 0.40 
0.2 0.4 o.o 1.8 1.0 
aEach reading shO\m in the table is the mean survival reading of two plants . 
Table 15. Analysis of variance for ehrysanthemums (survival readings). 
Source of variation Degrees of freedom Sum of squares Mean square 
Replications 4 .J.;250 .1063 
Dates 1 10.5125 10.5125** 
Error (a) 4 .4250 .106.3 
Treatments 7 .34.7875 4.9696** 
Dates x treatments 7 9.5675 1 • .3696** 
Error {b) 56 14.7500 .2634 
**Highly significant 
Level required for significance of: 
l. date means P .05 = .219; P .Ol = .363 
2. treatment means P .05 = .459; P .01 = .611 
3. two dates for one treatment P .05 = .6.38; P .01 = . 864 
4. one date for two treatments P .05 = • .66.3; P .Ol = .898 
Table 16. Package moisture loss readings for chrysanthemums. a 
Shipments I and II 
Treatments 
Dates 1 2 3 4 5 6 7 8 Date means 
I 21.0 25.4 5.4 .3.4 3.0 15.0 .39.2 9.4 15.2.3 
II .30.6 25.4 4.s 5.6 4.0 24.0 3.3.6 7.0 16.SS 
Treatment means 25.S 25.4 5.1 4.5 .3.5 19.5 .36.4 8.2 
aEach reading shown in the table is the mean package moisture loss reading of five packages. 
Table 17. Analysis of variance for chrysanthemums (moisture loss readings). 
Source of variation Degrees of freedom Sum of squares 
Replications 4 S2.72 
Dates 1 59.49 
Error (a) 4 184.1.3 
Treatments 7 10809.44 
Dates x treatments 7 481.71 
Error (b) 56 1.356 • .35 
** Highly significant 
Level required for significance of: 
1. treatment means P .05 = 4.40; P .01 = 5.85 
2. two dates for one treatment P .05 = 6.75 








wrap modifications, which included a redesigned check treatment, were 
incorporated into the trials of the third shipment. In this ne1H check 
treatment the plants were sealed in cellophane and then rolled in a 
10 by 15 inch cardboard plaque. 
No important differences were apparent between any of the treat-
ments and the check in the third shipment, as concerned plant survival 
(Tables 18 and 19). All of the treatments compared very :favorably 
with, and in some cases exceeded, the performance rendered by the check 
treatment in maintaining the plants during shipment. 
In Shipment !II, treatments 3 (RB-0-CP), 7 (RB-T), 8 (PB-CT-0-T), 
and 9 (PB-0-T), lost considerably more moisture per package than did 
the check treatment (Table 20). Even though the plants treated w.i th 
polyethylene lost significantly more moisture than the check treatment 
(Table 21), there were no substantial differences between any of the 
treatments as concerned plant survival in the third shipment. 
Date 
III 
Table 18. Field survival counts for cbrysanthell'D.llllS. a 
Shipment III 
Treatments 
1 2 3 4 5 6 7 
o.s l.O 1.8 i.o o.6 i.o 1.2 
8 
o.s 




Table 19. Analysis of variance for chrysanthermuns (survival 
readings). a 














Table 20. Package moisture loss readings for chrysanthemums.8 
Shipment III 
Treatments 
Date 1 2 J 4 5 6 7 8 9 
III 2.8 3.8 9.0 1.6 1.8 4.4 15.8 11.0 16.4 
8Each reading shown in the table is the mean package moisture loss 
reading of five packages. 
Table 21. Analysis of variance for chrysanthemums (moisture 
loss readings). 














Level required for significance of treatment mean..., P .05 = 5 .26; 
p .01 = 7.07 
Strawberries 
The effect of the date of shipment on plant survival proved to 
be of considerable consequence for this plant material. The date 
means (Table 22) picture a significant decrease in plant survival 
f'l"om Shipment I to Shipment II. It is logical to predict that for 
this plant type a decided reduction in plant survival will occur as 
the shipping season progresses , regardless of treatment. 
The analysis of variance (Table 23) shows that highly significant 
variations occur between treatment means for plant survival. The 
levels necessary for significance reveal that each of the treatments 
was a decided improvement over the check treatment in enhancing plant 
survival. 
There was no significant date x treatment interaction for the 
strawberry plants used in these trials. 
The mean package moisture loss figures and the analysis of 
variance of these means for strawberries (Tables 24 and 25), disclose 
the differences between shipping dates. This increased moisture 
loss from the packages in Shipment I, as compared to Shipment II, 
may be attributable to the extended length of time this shipment was 
in transit. 
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Table 22. Field survival counts for strawberries.a 
Treatments 
Dates 1 2 3 4 5 6 Date means 
I 9.8 18.0 18.8 21.4 24.2 24.8 19.50 
II 4.4 15.4 1.3 .2 12 .6 14-4 17.4 12.90 
Treatment means 7.10 16.70 16.00 17.00 19 • .30 21.10 
8Each reading shown in the table is the mean survival reading of 
twenty-five plants. 
Table 23. Analysis of variance for strawbetties 
(survival readings). 
Source of variation Degrees of freedom Sum of squares 
Replications 4 39.4 
Dates l 653.4 
Ettor (a) 8 40.1 
Treatments 5 1173.6 
Dates x treatments 5 85 .4 
Error (b) 36 13.33.7 
** Highly significant 
Level required for significance of: 
1. date means P .05 = 4.22; P .Ol = 6.14 









Table 24. Package moisture loss readings for strawberries . a 
Treatments 
Dates 1 2 .3 4 5 6 Date means 
I 52 .0 21.0 2 .8 2.6 9.4 9.6 16.233 
II 49.2 12.0 .3.6 1.4 4.6 5.8 12.767 
Treatment means 50.6 16.5 3 .2 2 .0 7.0 7.7 
8Each reading in the t able is the mean package moisture loss 
reading of five packages. 
Table 25. Analysis of variance for strawberries 
(moisture loss readings). 
Source of variation Degrees of freedom Sum of squares 
Replications 4 114.167 
Dates 1 180.267 
Error (a) s 161.566 
Treatments 5 16936.400 
Dates x treatments 5 140.7.30 
Error (b) .36 125.3.870 
** Highly significant 
Level required for significance of: 
1. date means P .05 = 2.68 









The mean survival counts for all treatments of each shipping date, 
with the analysis of variance of these data, are presented in Tables 26 
and 27. No significant differences were obtained for treatments. None 
of the treatments utilized differed significantly from the common wrapping 
technique in affecting plant survival. These data indicate that any 
single treat ment tested could be expected to be as efficient as the check 
treatment in facilitating plant survival. 
The levels required for significance of date means for survival indi-
cate that the date of shipment was of more consequence than was the type 
of treatment employed. This significance is peculiar only to the second 
shipping date and may be attributed to the poorer quality stock used in 
this shipment as compared to that of Shipments I and III. 
In the package moisture readings and subsequent analysis of variance 
of the mean package moisture losses (Tables 28 and 29), there occurred 
very significant differences for dates and for treatments. The required 
levels for significance of date means for package moisture loss indicate 
that, with this plant material, there was a downward trend in package 
moisture loss as the shippi ng season progressed. The relatively high 
package moisture loss in Shipment I may be accounted for by the fact that 
this shipment was in trans! t three days longer than Shipment II and III. 
All of the treatments reduced moisture loss from packages much more 
satisfactorily than did the check treatment. The significance levels 
indicate that any one of the treatments used was superior to the check 
treatment in retarding the moisture loss from the packages. 
Table 26. Field survival counts for roses.a 
Treatments 
Dates 1 2 3 4 5 6 Date means 
I 2.8 2.4 2 .2 2.4 2 .6 2. 8 2.533 
II 1.6 2 .0 1.8 1.6 2.4 2.4 1.967 
III J.O .3.0 2.8 2 .6 2. 8 2 .2 2 . 73.3 
Treat ment means 2.467 2 .467 2 .267 2 .200 2.600 2 .467 
8Each reading shown in the table is the mean survival reading 
of three plant s . 
Table 27. Analysis of variance for roses 
(survival readings). 
Source of variation Degrees of freedom Sum of squares 
Replicat i ons 4 • 7.3 
Dates 2 9.49 
Error (a) 8 3.30 
Treatments 5 1.65 
Dat es x treat ments 10 5.45 
Error (b) 60 29.17 








Level required for significance of date means P .05 = .3829; 
p .01 ::: .5571 
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Table 28. Package moisture loss readings for roses.a 
Treatments 
Dates 1 2 3 4 5 6 Date means 
I 269.6 53.6 58.4 87.0 20.8 3.2 82.100 
II 176.o 85.4 50.2 72.8 2.8 6.4 65.600 
III 125.2 44.2 47.8 51.2 1.0 5.0 45.733 
Treatment means 190.267 61.067 52.133 70.3.33 8.200 4.867 
8 Each reading in the tabl e is the mean package moisture loss 
reading for five packages. 
Table 29. Analysis of variance for roses 
(moisture loss readings). 
Source of variation Degrees of freedom Sum of squares 
Replications 4 1751.63 
Dates 2 19894.62 
Error (a) 8 2795.38 
Treatments 5 341127.39 
Dates x tr.eatments 10 43201.25 
Error (b)' 60 1008202.19 
u*Highly significant 
Level r equired for significance of: 












Each wrap modification t es ted and applied to carnations represented 
a savings in total material costs in comparison to the costs incuITed by 
the check treatment. Those treatments in which DHA-S was not used pro-
vided a much greater savings than the treatments utilizing treated plant 
materials. Not only was there a considerable savings in those treatments 
where DHA-S was not applied, but these treatments (5, 6, 7, and 9) 
exhibited a more satisfactory rate of plant survival (Table 30). 
The tests made with this plant type point out the fact that carna-
tions could be sh ipped in sealed polyethylene bags with comparative 
success provided no excessive moisture was applied to the plants prior to 
packaging them for shipment. Treatment 9 (PB-C), in which the plants 
were not treated with DHA-S but were sealed and shipped in a polyethylene 
bag only, illustrates this observation. This treatment offered the largest 
saving (64 cents) and the highest rate of survival (17) of s:ny of the 
wrap modifications tested. 
The savings of all treatments in comparison to the check varied from 
2.3 cents to 64 cents per treatment. This amounted to a savings of from 
.. 
approximately 4t cents to almost 13 cents per bundle of five plants. 
Table 30. All figures are averages of the totals recorded for carnations 
in Shipments I, II, and III. 
Shi pping Treatments 
date 1 2 3 4 5 6 .., 8 9 
Shipping costs I, II $1.22 $1.09 $1.14 $1.08 $0.81 $0. S4 $0.79 $0.7S $0 .74 
per treatment and Ill 
Cost of wrapping I, II $ .16 . 01 'Ii . 01 . 01 $ .01 $ .01 .01 .001 " .002 
materials and Ill 
Total shipping I, II $1.38 $1 .10 1.15 $1 .09 $0 .82 $0.85 $0.80 $0.78 $0.74 
and wrap costs and III 
Savings/treatment I, II o.2s 0 .2.3 $0.29 $0.56 $0 .• 5.3 $0. 58 $0.60 $0.64 Vt 
compared to costs and III """ 
in the check 
Package moisture I, II 41tl 307 47 17 158 66 11 11 
loss/treatment {gm) and III 
Survival of 25 I, II 16 13 6 11 16 14 11 17 
plants/treatment and III 
I Good Good Good Poor Good V.Good Good Fair Good 
Plant appearance II Good Fair Poor V.Poor V.Poor Good Good V.Poor Good after shipment 
III Poor V.Poor V.Poor V.Poor V.Poor V.Poor V.Poor V.Poor Fair 
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DelphiniUills 
In the treatment and shipment o:f this plant material no one particu-
lar method of packaging exceeded the costs involved in the preparation 
am dispatch of the check parcels (Table 31). In every treatment there 
was a savings in both the cost of wrapping materials and mailing expenses 
as contrasted to similar costs entailed in the check, which was used in 
these tests to simulate the package type now in use in the COIJmlercial 
trade . Although these savings varied with each and every treatment, they 
ranged :from a low of 6 cents to a high of 29 cents per treatment ·. On a 
per bundle basis this represented a savings of :fran slightly over 1 cent 
to almost 6 cents a bundle. F\lrther :inspection showed that greater 
savings were realized in those treatments which did not employ DHA-S as 
a fungicide, when canpared to the treatments wherein DHA-S was used. 
The plant survival rates indicate that the application of DHA-S to 
the plants prior to shipment offere:l little towards augmenting plant sur-
vival during shipment. As in the case of carnations, the use of DHA-S on 
this plant material cannot be advised since its use reduced the relative 
savings possible and did not increase the plant survival rate appreciably. 
Only the survival r ates of treatments 4 and 7 in which the plants 
were sealed in polyeteylene bags, fell below the survival of the check 
treatment. While these treatn:ents reduced package moisture loss to a 
minimum, this type of plant material requires ventilation for best results 
and, therefore, should not be shipped in sealed packages . The detrimental 
effects of the sealed bag seemed to be increased with the addition of 
Table 31. All figures are averages of the totals recorded for delphiniums 
in Shipments I, II, and III. 
Shipping Treatments 
date 1 2 .3 4 5 6 7 
Shipping costs I, II $0.48 $0.42 $0.43 -0.42 $0.25 $0.29 $0.20 
and III 
Cost of 'Wrapping I, II $0.02 $0.01 $0.0l $0.0l $0.01 $0. 01 $0 .. 01 
materials and III 
Total shipping I, II $0.50 $0.4.3 $0.44 $0.4.3 $0.26 $0 • .30 $0.21 
and wrap costs and III 
Savings/treatment I, II $0.07 $0 .06 $0.07 $0.24 $0.20 $0. 29 VI VJ 
compared to· costs and III 
in the check 
Package moisture I, II .372 64 144 51 '7 
loss/treatment (gm) and III 
Survival of 50 I, II 20 29 24 14 23 26 19 
plants/treatment and III 
I Good Good Good V.Poor Good V .. Good Fair 
Plant appearance II Poor Good 
after shipment 
Fair V. Poor Good V.Good V .. Poor 
III Good Poor Poor V.Poor Poor Fair Poor 
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moisture (DHA-S). Consequently, this should also be avoided in the 
treatment of delphiniums for shipment. 
Chr:y:santhemums 
Shipments I and II. In these two shipments only those treatments 
which made use of polyethylene bags (over the root ball or over the entire 
plant) are worthy of consideration. This importance may be attributed to 
the rather remarkable rate of plant survival in these treatments as com-
pared to the others tested (Table 32). 
Treatments 7 (RB-T) and 8 (PB-0-T), which incorporated the use of 
triangular cardboard boxes, were more costly to ship than the treatments 
in which 60 pound Kraft paper was used as an outside wrap, such as in 
treatments 2 (RB-E-K-0) and 3 (PB-E-K-0). Due to this increased ship-
ping cost in treatments 7 and 8, there were no savings realized from their 
application. In faet, in treatment 8 the over-all cost of shipping and 
materials amounted to almost 5 cents a bundle more than in the check treat-
ment. 
The costs of wapping materials in treatments 7 and 8 were not exces-
sive and it was believed the plant size (weight) rather than the box: 
weight was the most :important factor contributing to this fairly high in-
crease in costs. As these triangular boxes afford excellent protection 
to the plants, it may be necessary to trim the plants before packaging 
them for shipment. This would tend to reduce the package weight thereby 
reducing the shipping costs. The reduced shipping charges would encourage 
the continued use of these triangular cardboard boxes in the beneficial, 
as well as economical shipment of this t;ype of plant material. 
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The package moisture loss figures (Table 32) showed that the poly-
ethylene root bag, which cov red only the root ball (treatment 2) 1 and the 
check treatment were very similar in their abilities to retard moisture 
loss. Polyethylene bags used over the entire plant (tops open or sealed) 
reduced the package moisture loss considerably below that of the cheek 
treatment. 
The survival records and visual observations indicate that chrysanthe-
mums should not be sealed or enveloped in such a manner as to prevent 
sufficient ventilation, particularly around the tops of the plants. 
Shipment III, In this shipment only one treatment, number 3 (RB-0-CP), 
had an impressive survival record. This treatment of a polyethylene bag 
over the root ball only did not provide a savings when compared to the costs 
of the check treatment 1 but it did provide an excellent :rate of survival 
which made it the most satisfactory treatment in this trial. 
Strawberries 
This plant type, as reported by Whitehouse (1952), and as these trials 
indicated, proved to be very critical of the conditions Yithin the packages 
during shipment. Fran observations made on the check treatment, it was 
apparent that poor shipping quality could be attributed to either the degree 
of desiccation or the degree or saturation w:i.thin the packet. Each of these 
conditions was equally harmful from the aspect of plant survival, and of 
interest• therefore, is the fact that those treatments vhieh utilized poly-
ethylene appeared to have a more stabilizing effect on the plants during the 
transit period. These treatments maintained a decidedly higher record of 
Table 32. All figures are averages of the total s recorded for chrysanthemums 
in Shipments I, II, and III. 
Shipping Treatments 
date 1 2 3 4 5 6 7 8 9 
Shipping costs I and II $.29 $.27 .28 $.22 .22 $. 295 $.325 .59 
per treatment III a $.28 $ .27 $.25 $.25 $.25 .33 $.33 $.33 .3.3 
Cost of wrapping I and II $.07 $.06 $.Ol $.08 $.06 $.009 $.05 $.006 
materials/treatment Illa $.09 $.09 $.12 $.07 $.07 $.0.3 .05 $.006 $.006 
Total shipping and I and II $.36 $.33 $.29 $.30 $.28 $.30 $.375 $.596 
wrap costs/treatment IIIa $.37 .36 $.37 $.32 $.32 $.36 $.38 $.336 $ .336 
Savings/treatment I and II $.03 $.07 $.06 $.08 $.06 - .015 - .2.36 
compared to costs 
1118 $.01 $.00 .05 $.05 in the cheek $.Ol - $.01 $.0.:34 
Vt 
.034 a-
Package moisture I and II 129 127 26 23 18 98 182 41 
loss/treat ment (gm) Illa 14 19 45 8 9 22 79 55 82 during shipment 
Survival of 10 I and II 0 8 6 1 2 0 9 5 
plants/treatment III a 4 5 9 5 3 5 6 4 5 
I Dead V.Good Poor V.Poor V.Poor Dead V.Good Fair 
Plant appearance Il Dead Good V.Poor Dead V.Poor Dead V.Good V.Poor 
after shipment 
I Ila Fair Good V.Good Poor Poor Fair V.Good Fair Fair 
sa.erer to Table 3, page 22 for treatments applied in Shipment III. 
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plant survival, as well as proffering a very sizable savirg over and above 
the survival and cost figures recorded for the cheek treatment (Table 33). 
The package moisture loss was also noticeably reduced in all treatioonts 
employed as compared to the check packages, which represent the current 
practice now used by the trade in the shipment of this plant material. The 
savings evolved from these treatments ranged from 34 cents to 47 cents per 
treatment. On a per bumle basis this afforded a savings of f'rom about 7 
cents to ~ cents a. bundle depending on the type of treatment and the 
weight of plants per package. 
Fran the results of these tests with strawberries :i.t would seem advis-
able for the mail order nurserymen to use some type of polyethylene wrap or 
bag instead of the more conventional materials now in use. Also, the 
addition of any moisture, either directly to the plants or in the form o:f 
moistened fillers etc., did not prove necessary in the trials where poly-
ethylene was used. 
Regardless of the type of treatment employed, this plant type requires 
the earliest possible shipping date for adequate and satisfactory plant 
survival. 
Of the five modified 'Wl'apping procedures incorporated in these shipping 
trials with roses, any one could be expected to produce favorable results. 
The replacement of the check treatment by any one of the special wrap 
procedures would result in a profitable savings in shipping and material 
costs over the course of the shipping season (Table 34). The savings 
Table .33. All figures are averages of the totals recorded for strawberries 
in Shipments l and II . a 
Shipping Treatments 
date 1 2 3 4 5 6 
Shipping costs I and II $0.50 $0.20 $0.18 $0.21 $0.24 $0.25 
Cost of -wrapping I and II $0.16 $0.0l $0.01 $0.0l $0.08 o.o7 
materials 
Total shipping I and II $0.66 $0.21 $0.19 $0.22 $0.32 $0.32 
and wrap costs 
Savings/treatment 
compared to costs I and II $0.45 $0.47 $0.44 $0.34 $0.34 \Jl 
in the check ()) 
Package moisture 
loss/treatment (gm) 
I and II 25.3 8.3 16 10 .35 39 
Survival of 12 5 I and II .36 84 80 85 97 106 
plants/treatment 
Plant appearance I Good Good Good Good Good Good 
after shipment II Poor Fair Good Good Good Good 
aAll plants in Shipment Ill were unacceptable at the end of the transit period. 
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Table 34. All figures are averages of the totals recorded for roses 
in Shipments I, II , and III. 
Shi pping Treatioonts 
date 1 2 3 4 5 6 
Shippi ng costs I, II $1.69 $1 • .34 $1 • .34 $1.50 1.4.3 $1.46 
and III 
Cost of wrapping I, II $0. 64 $0.58 0.57 $0. 57 $0.46 $0. 63 
materials and I II 
Tot al shipping I, II $2 .33 $1.92 $1.91 $2 .07 $1.89 $2 .09 
and wrap costs and III 
Vt 
'° Savings/treat ment I, II $0.41 $0.42 $0.26 $0.44 0.24 
compared to costs and III 
in the check 
Package moisture I, II 951 305 261 .352 41 24 
loss/treatment {gm) and III 
Survival of 15 I, II 12 12 11 11 13 12 
plants/treatment and III 
I Good Good Fair Good V.Good V.Good 
Plant appearance II Poor Fair Poor Poor V.Good V . Good 
after shipment 
III V.Good Good Good Good V.Good Good 
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tendered by those treatments tested against t he chee..\ , which sirrnlated 
the eonunercia1 practice exhibited in the trade, varied from 24 cents to 
44 cents per treatment . This constitutes a saving of from approximately 
5 cents to 9 cents per bundle of three plants , depending of course upon 
the type of treatment employed and the weight of the plants treated . 
The individual treatments did not vary to any great extent in 
connection with the numbers of plants survi ving after they had been field 
planted . Nevertheless, on the basis of package moisture loss and the 
savings to be realized in shipping and material costs, those treatments 




There has been considerable argument in behalf of minimizing the 
moisture loss from packages as a means of enhancing plant survival in 
the field. It W!iiS surmised that with each successive shipping date there 
would be an increase in package moisture loss with a corresponding de-
crease in plant survival. This assumption was not entirely substan-
tiated. No correlation existed between plant survival and package 
moisture loss. Retarding moisture loss from the packages did not, in 
most instances, result in increased field stands of this plant variety. 
This may be partially due to the fact that in many of the treatments the 
moisture actually lost in shipment was not extreme, and consequently the 
differences in plant survival between treatments could not be justified 
by the quantity of moisture lost from the packages while in transit. 
In order to illustrate the differential response derived from this 
plant material , as well as fran slight modifications in wrapping tech-
niques, a comparison is made between treatments 8 (F-PB-C) and 9 (PB-C). 
These two treatments were identical except for the addition of moisture 
(DHA- S) within the sealed polyethylene bag as in treatment 8. While the 
plant survival in treatment 8 was significantly lower than the check, 
treatment 9 resulted in the highest survival rate of all treatments tested. 
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In the comparison of treatments 2 (F-RB-K-0) and 5 (RB-K-0), it may 
be noted that treatment 2 lost considerably more moisture per package 
than did the latter treatment. However, the plant survival rate of treat-
ment 2 was not significantly below that of the check as contrasted to the 
relatively low reading recorded for treatment 5. In this case the methcrl 
of packaging had been modified to include a source of moisture, which 
appeared to be beneficial in facilitating plant survival . The low rate 
of treatment 5 was undoubtedly due to plant desiccation. The moisture 
lost in treatment 2 can be attributed to the added DHA-S and not to any 
considerable loss of plant moisture as was evidenced in treatment 5. 
Observations on general plant appearance were made for all treatments 
(Table 30). These general ratings portray the gradual, or in some cases 
abrupt, degeneracy of the plants in various treatments from one shipment 
to the next. It was evident from these observations that irrespective 
of the type of treatment, carnation plants in this trial did not ship well 
after May 15. 
The only treatment which was consistently outstanding was number 9 
(PB-C). This treatment not only maintained the plants in such a state as 
to provide the best survival rate, but it also offered the greatest 
possible savings in shipping and wrapping costs. Other treat:ioonts, such 
as the check (S-L-K-0), 6 (PB-K-0), and 7 (PB-K-C), held transported 
plants in good condition until the last shipping date at which time the 
plant materials failed to survive satisfactorily . The failure of the out-
starrling treatments in Shipment I to continue to show these properties may 
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be attributed to the higher temperatures during the latter shipments, as 
well as the increased temperatures in the field at the t:ime of planting. 
Delphiniums 
The reaction of this plant material to the various wrap modifica-
tions during shipment vas similar to that of carnations. The coITelation 
between the date means for package moisture loss and the date means for 
plant survival was negligible. Trends similar to those established for 
carnations were evident in the data recorded for this plant material. 
The diminishing rate of plant survival from Shipment I to Shipment III 
was not correlated to the irregular pattern of package moisture loss. 
Plant survival was more closely correlated to date of shipment than to the 
method of packaging . In connection with package moisture loss the reverse 
was true. Treatments rather than the date of shipment measurably affected 
the loss of moisture from the packages. However, there was a significant 
interaction expressed betveen dates x treatments suggesting that package 
moisture loss from the different treatments was not the same when dates 
were considered. 
For all practical purposes there were no great differences between 
date means for package moisture loss. Nevertheless, the differences in 
the date means for plant survival were significant from the first to the 
second and third shipments. This would indicate that some factor other 
than package moisture loss was influencing the plant survival :from ship-
ment to shipment. 
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Since temperature plays such an important role in the shipping 
characteristics of plant materials, it is assume~ to be the most important 
single factor affecting the survival of this plant type. If such is the 
case, and evidence is strong that it is, then this plant material should 
be shipped as early in the spring as is feasible. This conclusion is 
1'lrther substantiated by the observations made on plant appearance follow-
:hlg shipment (Table 31) • A general decline in the quality of the plants 
in each treatment was noted from Shi pment I to Shipment III. The effects 
of treatment on plant quality and survival was negligible when compared 
to the effects between shipping dates. 
Although there were no significant differences between treatments as 
they affected plant survival, several offered sizable savings in the cost 
of shipment and wrapping in comparison to like charges made in the check 
treatment. 
The use of DHA-S as a fungicide dip on this plant material did not 
prove to be as profitable from a cost standpoint nor as effective in 
enhancing plant survival as those treatments in which it was not utilized. 
It can be applied with moderate success providing there is ample venti-
lation in the completed package. 
The polyethylene bags, such as those used in treatments 5 (RB-K-0), 
6 (PB-K-0), and 7 (PB-K-C), could be easily applied and were quite 
reasonable in cost. It was apparent, however, upon examining the bundles 
of plants as they returned from shipment, that this plant material 
requires ventilation as was afforded in treatments 5 and 6. 
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Chrysanthemums 
No correlation between package moisture loss atxi plant survival was 
exhibited for this plant variety. Although package moisture loss data 
showed no illlportant differences, the survival rate between dates dropped 
considerably f'rom Shipment I to Shipment II. In spite of the fact that 
Shipment I was in transit for an additional three day period, its mean 
package moisture loss figures did not surpass those of Shipment II, which 
definitely confirms the previous opinion that, had the packages in Ship-
ment I been in transit for only six days, as were those in Shipment II, 
the differences in package moisture loss would have been more pronounced. 
Interesting, nevertheless, is the fact that even though there were no 
differences between the two shipments as to loss of package moisture, 
Shipment I had a consistently higher rate of' plant survival than ~hipment 
II. This again indicates the inf".l.uence of some factor other than moisture 
loss on plant survival. 
Packaging techniques of the first and second shipments, which incox-
porated wax paper or polyethylene as an over-all wrap with no separation 
between the roots and tops, proved quite unsatisfactory. Separation of 
the root ball from the foliage within the same package was accomplished 
with a wire twistem secured at the crow as in treatments 4 (PB-CT-0-CP) 
and 8 (PB-CT-0-T) of Shipment III. The separation of the foliage f'ran the 
moist root ball was deemed necessary as a result of the progressive 
deterioration of the leaves up-stem f'rom the crown, as was noticed in all 
packages consisting of 'WaX paper or polyethylene as an over-all wrap or 
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bag respectively. Use of a small polyethylene bag, which was fitted only 
to the root ball, corrected this situation. This observation leads to 
the conclusion that two distinct environmental conditions are essential 
for the roots and tops if this plant material is to be shipped success-
f'ully. 
Foliar deterioration appeared to be caused by the lack of adequate 
aeration and excessive humidity within the packages. The processes 
congruent to physiological disorders or breakdown are known to be accel-
erated with rising temperatures. This would account for the higher 
mortality expressed in the later shipments by all treatments in general, 
but in particular, by those treatments where the plants were wrapped in 
wax paper or polyethylene with no constriction between the roots and tops 
within the same package. 
The innovation of corrugated triangular cardboard boxes for the ship-
ment of this and similar succulent plant materials, in place of the mare 
conventional square type containers, has proven very satisfactory. As 
previously discussed, these triangular boxes slightly increased the com-
bined cost of shipping and materials as compared to the costs of the 
cheek treatment. The higher costs recorded in these trials Yith this 
style box may be absorbed at the commercial levels by- reductions in the 
labor involved in boxing r ather than wrapping these plants. In addition, 
the materials used in this particular chrysanthemum trial were relatively 
new to the trade, which increased the initial manufacturing costs. As 
these materials, such as the small polyethylene root bags and the tri-
angular boxes, become standard for the trade their cost of production and 
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subsequent application will prove to be as economical as the materials 
employed at the present time • . The triangular boxes, in conjunction with 
the polyethylene bags, have reduced tremendous ly the replacement claims 
made by customers on plant materials damaged while in shipment. This also 
results in a savings to the shippers which was not included in the cost 
figures presented in Table 32. 
Two grades of triangular cardboard boxes were used in these trials: 
a 125 pound grade and a 200 pound grade. The 200 pound boxes withstood 
careless handling much better in transit than did the 125 pound grade. 
While both types afforded excellent protection to the plants shipped 
therein, the 200 pound box, due to its heavier construction, presented a 
much neater looking package after shipment. 
S.inee the check treatment did not survive in either Shipment I or II, 
any treatment that resulted in even a very low rate of survival would be 
considered an improvement over the current packaging practices. However, 
on the basis 0£ plant survival, treatments 2 (RB-E-K-0) and 7 (RB-T), 
which made use of a polyethylene root bag, must be considered superior to 
other treatments in this test. 
As a result of the treatments applied to chrysanthemums in the third 
shipment, and in consideration or the records made on plant survival and 
package moisture loss, the importance of separate atmospheres for the 
roots and foliage of this plant variety nru.st be re-emphasized • . Although 
there were no significant differences between treatments as they affected 
plant survival, the plant survival was highest in treatments 3 (RB-0-CP) 
and 7 (RB-T). Therefore, in view of the results obtained in the first 
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two shipments, accentuated by similar results in Shipment III, the treat-
ment which consisted of a polyethylene root bag, together with either an 
outer -wrap of 60 pound Kraft paper or a triangular cardboard box, is 
recommended for the preparation of this plant material for shipment to 
retail markets. 
Strawberries 
The performance of this plant material during the transit period, as 
affected by various modifications in the method of packaging, resembled 
quite closely the results obta1ned with other plant types used 1n these 
trials. No correlation existed between date means for plant survival or 
package moisture loss. Package moisture loss was generally greatest 
during the period of transit in the first shipment, and correspondingly, 
the survival r ate of this stock planted in the field was also high. The 
significantly greater package moisture loss may be attributable to the 
extended travel period encountered in Shipment I. Data for Shipment II 
showed a considerable reduction in package moisture loss with a corre-
sponding decrease in plant survival. The reduction 1n package moisture 
loss for this shipment may be attributed to the reduced time interval 
between date of shipment and return. 
Temperature assumes an important role in the survival of straw-
berries, as evidenced by the fact that regardless of the treatment 
applied, the number of plants surviving transit and field planting was 
substantially curtailed in the latter shipments. 
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The data for Shipment III was not presented inasmuch as the entire 
shipment was a total loss . Not one of the treatments tested maintained 
the plants in an acceptable condition. 
This plant material will not ship satisfactorily if excessive mois-
ture is present within the package. A moderate amount of ventilation is 
also desirable as a means of maintaining this plant material in the best 
possible condition. 
All of the treatments incorporated in these trials with strawberries 
W"ere more efficient than the check in reducing package moisture loss. 
They also provided more satisfactory plant survival and offered savings 
in material and shipping costs over and above the survival and costs 
attained by the check. Treatment 9 (PF-K ... Q), which made use of an over-
all wrap consisting of only polyetb;rlene f'used to 60 pound creped Kraft 
paper, maintained the plants in the best condition during the period or 
transit and offered the greatest savings in material and shipping costs. 
Roses 
This particular plant material showed less variation in plant sur-
vival than any of the others tested . No extreme differences were noted 
between treatments as to their effects on plant survival. In general, 
while survival rates remained constant for treatments, the package mois-
ture losses recorded were extremely variable. No correlat ion was 
exhibited between plant survival and package moisture loss . Nevertheless, 
it is important to note that all or the wrap modificat ions proved 
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considerably more effective in retarding package moisture loss than the 
check treatment. Also, the savings possible from their application 
warrants carefU.1 consideration. 
On the basis of this experiment, treatment 5 (PF-K-C); vherein the 
plants were wrap-sealed in polyethylene coated 60 pound creped Kraft 
paper with no filler added, was particularly outstanding. This treatment 
resulted in the best plant survival, as well as the largest savings in 
shipping and packaging costs. 
In view of the fact that there were few notable differences between 
the treatments applied, as far as plant survival was concerned, factors 
such as package moisture loss, plant condition after shipment, and the 
probable s avings involved, must be scrutinized before treatment effi-
ciency can be evaluated. 
It was noted, as the plants were prepared for the second shipn:ent, 
that the roses received for treatment were not of the quality found in the 
plants used in the first shipment. This lack of quality i n the plant 
material undoubtedly accounts for t he significantly lower rate of survival 
in Shipment II (Table 26). This observaticn is supported by the fact that 
the quality of the plants treated in the t hird shipment was superior to the 
quality of the plants used in the second shipment, and as a result, the SUl"-
vival r ate recorded for the third shipment was not significantly different 
from that of Shipment I. A reasonable conclusion would be that, with 
this type of plant material, the pre-shipment quality of the stock is the 
principle factor contributing to a poor stand in the field following 
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shipnent, irrespective of the treatments employed or the time of year 
the plants are shipped. 
The shipment of plant materials, while very important, is only the 
intermediate phase of plant processing from grower-shipper to retail 
outlets . Many of the difficulties attributed to shipping could veey 
easily be averted by proper cultural practices before and after shipment. 
A treatment cannot be devised that will improve the quality inherent in 
the plant at the time of shipment. Only good quality pro:iucts can be 
expected to ship well. 
At the receiving end of the shipping process, it is not unreasonable 
to predict poor success if the plant prcrlucts are not properly handled . 
Certain treatments will maintain certain types of plants in a more satis-
factory condition for longer periods of time, but the inept handling of 
the plant materials after shipment will preclude any type of treatment 
applied . 
A fertive investigation, and one which is inseparable fran shipping, 
would be a. study of the pre-shipment quality of various plant materials 
and the consequential effects of that quality on the shipping abilities 
of different plant types. 
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CONCLUSIONS 
1. Irrespective of the package treatment applied to carnations, a 
noticeable reduction in field survival was observed with the advancement 
of the shipping date. Of the treatments utilized, 4 (F-PB-K-C), 5 
(RB-K-0), and 8 (F-PB-C) did not prove as efficient as the cheek in 
facilitating plant survival. However, all treatments surpassed the check 
in the prevention of package moisture loss during the shipping period. 
Plant survival was not correlated with the amount of moisture lost in 
transit from the packaged plant material. In these tests the loss of 
package moisture was no criterion by which plant survival could be 
explained • 
The use of DHA-S as a fungicide dip on this plant material did not 
prove bene.t'icial, especially if the plants were sealsi in a polyethylene 
bag. Had DHA- S-been applied and allowed to dry, but not to the point of 
plant desiccation before the plants were packaged for shipn:ent , the 
probable results derived from the use or this fungicide may have been more 
diseernible. 
Treatment 9 (PB-C) not only exceeded the survival rate of the check 
with a minimum of package moisture loss, but also offered the highest 
savings possible in material and shipping costs in comparison to the other 
treatments incorporated in these carnation trials. 
73 
2. A gradual reduction in plant survival from the first to third 
shipment occurred regardless of the treatnents applied to delphiniums. 
The survival of delphinium plants in the field after May 15 was negli-
gible, regardless of the type of treatment used. It is therefore recom-
mended that the munber of long distance shipments of this plant material 
after the daily average air temperature reaches 60° F. (May 15) should 
be reduced to a minimum. 
Plant survival of the delphinium check treatment did not differ sig-
nificantly from that of the various other wrap modifications applied. 
Treatment 4 (F-PB-K...C), however, had the lowest survival rate of any of 
those tested. As ocCUl'Ted with carnations, the use of DHA-S did not 
prove beneficial when used in conjunction with a sealed polyethylene bag. 
Whenever the plants were packaged wet, it was essential that adequate 
aeration be provided either by not sealing the bag or by perf orating the 
wrap. 
All treatments were considerably more efficient in r etarding package 
moisture loss than were the cheeks. Nevertheles s , package moisture loss 
did not explain satisfactorily the plant survival data recorded for 
delphiniums. 
3. As a result of severe losses sustained during the second shipment 
of chrysanthemums, treatments employed on the third shipping date were 
modified. 
Due to transit conditions encountered during the firs t shipment, 
none of the plants, which were wrapped similar to that of the commercial 
pack, survived . Also, there were no differences noted between the 
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survival rates in those treatments which made use of root bags (poly-
ethylene bag over the root ball only), or open bags which otherwise 
covered the entire plant. 
The treatment effects in Shipment II were more critical. While none 
of the plants in the check treatment survived, as in Shipment I, greater 
differences were in evidence between the treatments which utilized only 
polyethylene root bags, and those in which an over-all plant bag was 
used. The root bag treatments (2 and 7), remained the most satisfactory 
as determined by plant survival data. Those treatments (.3 and S) , which 
incorporated the polyethylene bag over the entire plant, did not maintain 
the plants in an acceptable condition. Severe chlorosis accompanied by 
deterioration of leaf tissues were evidenced on the lower portions of the 
chrysanthemum plants enclosed in this type of package. Inclusion of both 
the bole and roots of the plant in the same environment with no package 
partition at the crown was believed responsible for this condition. The 
requirements of the l"Oots, as to moisture and temperature tolerances, are 
quite different from those of the upper portions of the plant, and con-
sequently, should be provided with a separate atmosphere within the 
package. In addition, there is reason to believe that damage to plant 
parts resulting from bacterial and ftmgal activity originating in the root 
ball is more apt to occur if this separation is not provided. Should the 
roots and plant tops be separated , as for example, with a crown tie or a 
small root bag only, this source of injury will be minimized. 
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The use of corrugated cardboard triangular boxes afforded excellent 
protection to the chrysanthemum plants during shipment. The 200 pound 
grade boxes were observed to hold up much better in shipment than the 
125 pound grade. 
In Shipment III cellophane was used in conjunction with pressed card-
board plaques approximately 10 by 15 inches in size, and triangular boxes 
of the tv10 plant size. The cellophane treatments were incorporated in 
place of the waxed paper treatments of Shipments I and II. Cellophane, 
as a sealed vrap and as an over-all wrap with one end of the package open 
to allow for aeration, increased plant survival measurably above that 
recorded for the waxed paper check treatments. Even though the cello-
phane proved more satisfactory than the poorer waxed paper treatments, 
those treatments (.3 and 7) in the third shipment, wherein polyethylene 
root bags were used., maintained the highest level of plant survival. 
Therefore, on the basis of plant survival and over-all caldition of the 
plants immediately following shipment, the treatment consisting of a poly-
ethylene root ball bag is suggested for consideration as a possible sub-
stitute for the current packaging techniques. 
4. Strawberry survival trends from shipm.ent to shipment were similar 
to those recorded for the other plant materials tested. 
Survival values in Shipments I and II were lowest in the cheek treat-
ment, and consequently, any of the several treatments employed could be 
expected to yield better survival rates. 
It is interesting to note that, as in the case of roses, the s traw-
berries wrapped in polyethylene fused to 6o pound creped Kraft paper 
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provided the highest rate of plant survival as contrasted to arty of the 
treatments applied . 
Time of shipment and the condition or the plants prior to shipnent 
may be considered more important than the type of packaging wrap applied 
to this plant material . This observation is me.de in view of the fact 
that the third shipment of strawberries was totally unacceptable upon 
completion of the shipping period. As a result of these tests it is 
recanmenied that strawberry plants not be shipped extensive di stances 
after the average air temperature reaches approximately 60° F. (May 15) . 
5. The expected downward trend in the survival of roses , as a result 
of increased temperatures encountered in transit as well as at the time 
of field planting, was noted from Shipment I to Shipment III . This plant 
type vas more uniform in its reaction to the various treatments than were 
the other plant varieties tested. This is very likely due to the nature 
of this type of plant material. 
No loss of plant material was sustained in Shipment I . In Shipments 
II and III only one treatment was consistently outstanding. The average 
plant survival data indicated that treatment 5, vherein polyethylene .tUsed 
to 6o pound creped Kraft paper was used as an over-all wrap, was superior 
in its ability to preserve a quality product . 
The application of polyethylene to this plant material in the form 
of various wrap modifications resulted in : considerable reductions in 
package moisture loss, survival rates comparable to those resulting from 
wrapping procedures used in the trade at the present time, and savings in 
material and shipping costs. 
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6. From the results of' these trials, only one factor has remained 
constant from one shipment to the next and appears to be common to all 
plant materials tested. This factor is time of shipment. In general• the 
survival of all plant materials treated was reduced as the shipping season 
advanced. This indicates that there is no method of packaging which will 
compensate or overcome lateness in shipping. 
7. There appears to be no packaging material or wrapping procedure 
which will give uniform results with all types of plant materials. In as 
much as each plant type possesses certain aeration, moisture, and tempera-
ture tolerances, a particular methoo of packaging suitable to one may not 
be adaptable to another. Plant survival depends on how well these 
requirements and tolerances are satisfied for a speeifie plant or plant 
variety during the shipping period . 
8 . The inclusion of moisture in polyethylene packages proved of no 
consequence in enhancing plant survival. In aome instances excessive 
moisture within the package was definitely injurious, as illustrated by 
those plant materials treated with DHA-S. 
9. Polyeteylene can be effectively substituted for the heavier 
moistened shingletow and sphagnum moss, impregnated and krai't papers cul"o-
rently being used in the trade for wrapping many plant materials for 
shipment. A considerable savings in material and shipping costs may be 
realized whenever this plastic film is used. 
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SUMMARY 
This study was designed to investigate various anti-desiccants and 
the methods by which they could be applied successfully to selected 
plant materials for profitable shipment to retail markets . 
A shipment of carnations , delphiniums, chrysanthemums, strawberries; 
and roses was made on each of the following datess April 1 , May 5, and 
June 5, 1953 . While en route these packaged materials were transported 
round trip, over a dist ance of approximately 1200 miles, and were in 
transit for a period of 9 days in Shipment I, and 6 days in Shipments II 
and III. After each shipment returned to Ames, Iowa, records on package 
moisture loss , as well as general plant appearance, were made . The 
plants in each shipment were then set in the field under an overhead 
irrigation system. Survival records were maintained over a period of 
eight weeks following field planting. 
Costs of the materials used in the treatment of these plants for 
shipment , as well as the actual shipping costs 0£ each treatment , were 
recorded . The savings resulting from the use of various "Wrap modifica-
tions, as compared to costs incurred 1n the packaging and shipment of 
treatments similar to those currently in use by the trade, were presented 
in tabular form. 
The following conclusions; based on plant appearance af'ter shipment, 
field survival, and the savings resulting fran comparative material and 
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postage expenditures, are presented as being the most satisfactory for 
the particular plant type specified. 
Carnations 
Treatment 9 (PB-C), in which the plants were placed in a sealed poly-
ethylene bag and shipped with no outer wrap of Kraft paper, proved to be 
the most promising of the treatments applied to this plant material. 
Delphiniums 
These plants cannot be sealed arrl subsequently shipped in poly-
ethylene with any degree of success. Very little difference was noted 
between the survival rates of those treatments which made use of the fungi-
cide, DHA-S (2, 3, and 4), and those in which it was not used (5, 6, and 7). 
However, the reduction in the possible savings, as well as the poor plant 
appearance following shipment, discount the value of applying DHA-S to 
this plant material. 
Chrysanthemums 
For early shipments, small polyethylene bags sealed. arcund the root 
ball only and larger over..all polyetlzy'lene bags·, which were not sealed, 
proved most efficient in maintaining the plants in a viable condition. 
Concerning plant survival, treatments 2 (RB-~K-0) and 7 (RB-T-0) are 
F 
recommended for consistently good results throughout the shipping season. 
Corrugated (200 pound) triangular cardboard boxes 'WElre most satis-
factory for the shipment of composite samples of this plant material. 
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Strawberries 
The packaging treatment, which consisted of an over-all wrap of 
polyethylene fused to (:/) pound creped Kratt paper, was the most outstand-
ing treatment applied to this plant material. 
Roses 
All of the lrl?'ap modifications utilized with this plant variety could 
be effectively and profitably substituted for the commercial practices 
now employed. Nevertheless , treatment 5 (PF-K-C), resulted in the most 
satisfactory survival rate, as well as the highest possible savings in 
comparison to the costs of wrapping and shipping the check treatment. 
The effects observed from the use of polyeteylene in these tests 
were: (l) increased proficiency in wrapping techniques, (2) reduced 
material costs, (.3) reduced package moisture loss, (4} above average 
plant survival, (5) decided reductions in package weight, with subsequent 
savings in shipping costs, and (6) enhanced appearance of packages con-
taining plant materials. Once perfected, the application of this plastic 
film to plant materials will antiquate many of those methods presently 
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